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ABSTRACT
An investigation was conducted to determine the influence of
member length on thermal contact resistance in a vacuum environment.
A model was created which consisted of a center rod axially loaded
between two other members.

It was assumed that circular macroscopic

constriction areas were formed at the contact interface when the rods
were loaded.

Macroscopic modeling of the contact surfaces makes the

thermal contact analysis a function of the mechanical and thermal
boundary conditions of the total body.
The method of finite differences was employed to calculate the
temperature distribution, heat flows, and thermal contact resistance
of each member.

Data was created as a function of two parameters:

(1) the length of the center rod member and (2) the contact radius.
The results indicate the following.

(1) The contact resistance

drastically decreases as the center specimen length decreases.

This

is particularly true if the ratio of member length to member radius,
1 1 /b, is less than 0.1.

(2) At any particular contact radius, the

contact resistance at 1 1 /b=l is twice the contact resistance at 1 1 /b=O.
(3) The contact resistance rapidly increases as the contact radius
decreases.

(4) The interface temperature distribution everywhere in

the contact region is non-isothermal.

However, the temperature devia-

tions are small and do not exceed five percent.
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NOMENCLATURE

a

radius of contact area

A

apparent contact area

b

radius of rod

d

flatness deviation

E

modulus of elasticity

k

thermal conductivity

L1

length of lower specimen region

L2

length of upper specimen region

~L

equivalent length of contact resistance

p

contact pressure

q

heat flux

Q

heat flow

r

radial coordinate

R

contact resistance

R

radius to center of node

Rt

total resistance

0

*

R

dimensionless contact resistance

T

temperature

Ti

isothermal temperature of upper region

T

isothermal temperature of lower region

0

6T

a temperature difference

x

constriction ratio, x=a/b

z

axial coordinate

8

square of grid ratio,

o

grid spacing,

o=6r·~z

8=[6r/~z] 2

2

y

ratio, y=l::.r/2R

0

dimensionless interface temperature deviation
elastic conformity modulus
w

relaxation parameter
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INTRODUCTION

A considerable effort has been expended in the area of thermal
contact resistance.

Investigations have attempted to correlate

contact resistance to contact pressure, surface roughness, material
properties and other parameters.

Some investigations deal with

either the experimental measurement or theoretical prediction of
thermal contact resistance for models with contact regions filled
with interstitial fluids.

Such efforts have been fruitful in the

development of high conducting fluids for rapid heat transfer within
contact regions (e.g. silicone compounds).
Associated with some of these investigations are theoretical
models which base the contact resistance phenomena upon a microscopic
viewpoint.

The subsequent results, as derived from such an approachs

have been reliable for contact regions coated with oil, silicone
grease, sodium, and others.

However, such microscopic models are

inadequate for contact regions located in vacuum environments where
no interfacial fluids are present.
The macroscopic modeling approach has overcome some of the
deficiencies of microscopic modeling.

With the macroscopic approach

thermal contact resistance becomes a function, E£! only of the complex physics and chemistry of a contact interface as associated with
the microscopic approach, but also of the mechanical and thermal
boundary conditions of the total body.

Recent success has been

attained in predicting thermal contact resistance for single contact
models located in a vacuum environment.

Such models, developed from

4

a macroscopic viewpoint, have greatly contributed to the understanding
of contact resistance.
The objective of this investigation is to extend the macroscopic
approach to a study of the influence of member length upon thermal
contact resistance.

Such an influence has not been considered by

other investigators, as their efforts have mainly concentrated on the
influence of the contact surface.
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REVIEW OF LITERATURE
The following is a collection of the major investigations
devoted to the study of thermal contact resistance in a vacuum.
Jacobs and Starr [1], in one of the first published reports,
i.nvestigated the problem of thermal contact resistance associated
with the use of mechanical thermal switches in cryogenic apparatus.
The study attempted to relate the effect of pressure on interface
conductance.

Gold, silver, and copper - all excellent conductors -

\vith "optically flat" surfaces were used with contact pressures
2

ranging from approximately zero to 2.5 kg/em •

Data was presented

for (1) room temperature and (2) the temperature of boiling nitrogen (-195°C).

The conductances were found to be several times

greater at room temperature than at the liquid nitrogen temperature.
The report did not give the vacuum pressure, quantitative flatness
deviation, nor the specimen's hardness.
Berman [2] also worked with the problem of thermal switches
for low temperature work, examining their potential as mechanical
heat switches.

Of main interests in the study were (1) dependence

of conductance with load, (2) variation of conductance with temperature, and (3) applicability of the Wiedmann-Franz-Lorenz relation.
The experiments were conducted with steel and copper specimens in a
vacuum of 10-4 torr over temperatures ranging from 1.8 to 77 0 K.
2

It was found that the conductances were proportional to T

at helium

0

temperatures (4.2 K), but were of small dependence at nitrogen temperatures.

The electrical conductances obtained from the Wiedmann-Franz-
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Lorenz law were always much less than the thermal conductances.

The

conductances of the copper and steel varied differently during load
cycles.

This suggested that significant heat transfer occurred

through electircal insulating regions of the specimen surfaces.
Another experimental study was· performed by Mikesell and Scott
[3].

They investigated heat conduction through insulating supports

of storage vessels for cryogenic liquids.

Two types of

supports~

(1) multiple-contacts in the form of stacks of thin metallic plates
and (2) non-metallic spheres, were tested in a 10- 5 torr pressure
environment with boundary temperatures of either 76 and 296°K or
20 and 76°K.

The results showed that the heat conduction for a

stack of 0.008 inch thick stainless steel plates under a 1000 psi
load was only two percent of the heat conduction of a solid sample
of identical dimensions exposed to the same load and temperatures.
The results furthermore showed that the contact resistance remained
high for multiple contacts under large apparent contact pressures.
Fried and Costello [4] published a study concerned with the
thermal contact resistance of plates within a space environment,

-4

i.e., ambient pressures from 10

to 10

-6

torr.

The plates, 5x5xl/8

inches, were subjected to contact pressures from a few psi to 35 psi.
The specimens used were aluminum and magnesium having surface
finishes between six and 65 rms.

Graphical data showed the varia-

tion of interface conductance with contact pressure.

The parameters

associated with these plots included surface finish, flatness deviation, specimen material, and shim material (if present).

Fried and

7

Costello's results indicated that (1) flatness deviation and surface
roughness immensely effected the contact resistance, (2) soft shim
materials appreciably improved interface conductance, and (3) thermal
contact resistance is highly pressure dependent at low contact pressures.

It was found that at higher pressures the conductance verses

pressure curve becomes less steep.

The difference in modulus of

elasticity of the specimens and soft shim material had a significant
influence on the conductance.
Clausing and Chao [5] and Clausing [6] investigated the thermal
contact resistance across two cylindrical rods in axial contact in
a vacuum environment.

Theoretical analysis of thermal contact

resistance prior to that of Clausing and Chao's, such as those of
Cetinkale and Fishenden [7], L.C. Laming [8], and Fenech and Rohsenow
[9], had defined the contact area from a microscopic viewpoint, i.e.,
The difficulty of such an

a summation of microscopic constrictions.

approach is in the prediction of number, size, and location of these
microscopic contact areas.

Investigators have tried to relate the

number, size, and location of microscopic contacts to such properties
as surface finish and material hardness.

However, such relationships

have failed to explain the total physics and chemistry of contact
surfaces.

Clausing and Chao lumped the microscopic contacts into one

macroscopic area.

They defined a macroscopic area as an area contain-

ing a high density of microscopic contacts.
Clausing and Chao proposed that conduction through the macroscopic constriction area was the dominant mode of heat transfer across
their axial contact model.

They further proposed that in a vacuum
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environment with highly polished specimens, interstitial conduction
and radiation heat transfer are negligible contributors.

A theore-

tical model was developed to predict the thermal contact resistance
as influenced by such parameters as contact area, material properties,
and thermal strain.

An extensive experimental investigation was

undertaken to confirm the predicted influence of these parameters
upon the contact resistance.

The experimental results correlated

with the predicted results.

From their results, Clausing and Chao

concluded that (1) macroscopic constriction dominated the thermal
contact resistance for a majority of engineering surfaces and (2) the
macroscopic model made prediction of thermal contact resistance across
a contact possible when macroscopic constriction dominated.

A tran-

sient method of analysis, as proposed by M.P. Laurent and H.J. Sauer, Jr.
[10], has verified the trends predicted by Clausing (6].
The theoretical model solved by Clausing and Chao had a mixed
boundary condition, that of (1) an isothermal temperature condition
within the contact region and (2) zero heat flux in the remaining
annular non-contact region.

Clausing employed a finite difference

solution of the model to account for this mixed boundary condition.
Roess [11], in an analytic solution, circumvented the mixed boundary
conditions with an expression for the heat flux distribution across
the contact area.

For a contact radius, a, Roess found that a flux

distribution which was proportional to
0< r< a

resulted in an approximately isothermal contact area unless the

1
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constriction ratio, x=a/b, (b is the radius of the rod) was near
unity.

At unity the constriction area equals the apparent contact

area.

Roess made an additional assumption - that the ratio of rod

length to radius, L/b, was sufficiently large so as to not affect
the thermal contact resistance.

The assumptions of Roess' flux

distribution restrict its applicability.

The results of Clausing

show that significant changes in the thermal contact resistance across
a single contact occur when L/b is small.
It should be noted, however, that the model proposed by Clausing
and Chao employs isothermal boundary conditions which are physically
unrealistic for small L/b ratios.

The construction of the model makes

an examination of the influence of member length on thermal contact
resistance not possible.
From a survey of literature, the most promising results in the
area of thermal contact resistance in a vacuum have been from the works
of Clausing and Chao.

However, to the knowledge of this investigator,

the influence of member length on thermal contact resistance has not
been examined.
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FORMULATION OF THE MODEL
When heat flows through two members in contact, an additional
temperature drop 6T occurs.

This additional drop is due to the

constricted area of contact between the two members.

This con-

stricted area produces a resistance to heat flow which is commonly
known as thermal contact resistance.
In the traditional definition, the contact resistance, R,
is given by the equation:
R

= 6T/[Aq]

2

where A is the apparent contact area, q is the heat flux, and 6T is
the temperature difference between the two member surfaces in contact.
Heat can be transferred across the contact by three different
modes.

They are (1) thermal radiation, (2) interstitial conduction,

and (3) metal-to-metal contact.

Investigations [5,6] have shown

that in a vacuum environment thermal radiation and interstitial conduction are negligible in comparison with metal-to-metal conduction
for clean engineering surfaces subjected to engineering loads.

~1odel

ing of a single contact region, based upon macroscopic metal-tometal constriction, has been successful in predicting the contact
resistance across this single contact [5].
It was sought to produce a model which is capable of predicting the influence that the member length has upon the constriction
resistance.

Figure 1 represents the model that was investigated.

11

I

I

-

,...

+

contact area
produced when loaded

.._
I

I

-

~

Figure 1.

Proposed Model
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The model consists of a center rod which is axially loaded between
two other rods.

Two axial contacts exist between the three rods.

The surfaces in contact are assumed to be spherical caps of small
flatness deviation (in the range of 10 to 200
duce circular contact areas when loaded.
assumed to be identical.

~inches)

which pro-

All flatness deviations are

The surfaces are furthermore considered

to be highly polished and free of any oil, dirt, or oxide films.
It is assumed that no interfacial fluids are present.

The ends

of each outer rod are subjected to different isothermal temperatures.
The lengths of the outer rods are equal and are of sufficient length
to be far removed from the contact region.
cylinder will be varied.

The length of the center

The thermal conductivity and modulus of

elasticity are also assumed to be identical for all three rods.
The symmetry of the geometry simplifys the mathematical solution.
Figure 2 represents the mathematical geometry to be solved.

Because

of symmetry, an isothermal temperature occurs radially at half the
axial length of the center rod.

The following partial differential

equation,and boundary conditions apply:

a 2T
-

ir 2

2

+ [1/r] q__I + L~

T(r,O)

aT
a;-Cb,z)

ar

= T0

---------------------------------

3

--------------------------------------------

4

= 0

jz

5

= 0
a< r< b

(both regions)

-----------------

6
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.....
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-
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Figure 2.
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0

isothermal

Simplified Mathematical Model
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7
The adiabatic cut in Figure 2 represents an annular region of
no contact between the two members.

The boundary conditions which

apply along the curved surface at the non-contact region may be
applied along the line z=L 1 , because the flatness deviation is
several orders of magnitude smaller than the other dimensions of the
body.
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tmTHOD OF SOLUTION
In order to calculate thermal contact resistance, it is required
that the heat flow passing through the rods be known.

Therefore, the

temperature field within the region must first be determined.
Since the geometry and mixed boundary conditions of the problem
make its solution very formidable, it was elected to employ the method
of finite differences to solve the problem.
The model was divided into a network of nodes.

The mass and

associated temperature distribution within the model are distributed
among the interconnecting mesh of nodes.

The temperature at any node

is determined by performing an energy balance on that node.

An

energy balance on each node produces a characteristic temperature
equation amenable for an iteration scheme.

The temperature equations

used for iteration are cataloged in Appendix A.
With all the nodes within the region classified with their
appropriate temperature equation, an iterative scheme was employed
to obtain the correct node temperatures.

The temperatures, as well

as all other data, were solved using an IBM 360-50 computer at the
University of Missouri-Rolla, Rolla, Missouri.

Because the number

of nodes at times approached 3000, additional programming techniques
were employed to minimize the time required for computation.
Since the execution time required for an iterative process is
highly dependent upon the number of nodes, a coarse network of nodes
was initially created and their respective temperatures calculated.
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A nodal spacing one-third finer was then created.

The reduction of

the node spacing by one third kept a particular contact radius
fixed at its location regardless of the node spacing.

The initial

temperatures for the fine network were obtained from an extrapolation
of the final temperatures obtained in the coarse network solution.
The indicator that the solution for a particular set of equations
had converged was a check of the heat balance.

The iteration proce-

dure was stopped when the difference in the heat passing through the
top of the upper region and the heat passing through the bottom of
the lower region was less than 0.5 percent.
Convergence was further accelerated using the extrapolated
Liebmann method [12].

This method accelerated the rate of conver-

gence over that of the Gauss-Seidel iteration scheme.

An optimal

relaxation factor, w=l.7, was obtained from trial and error runs.
The final iterative scheme Which was developed proved to be an efficient and stable method.

17

RESULTS AND DISCUSSION
It was sought to determine the influence that (1) variance of
the center member length and (2) variance of the constriction radius
has upon the thermal contact resistance.
determined as follows.
Rt

The contact resistance is

The total resistance, Rt, is determined by:

= IT.-T
I!Q
1
0

8

Ti is the isothermal temperature of the upper region and T0 is the
isothermal temperature of the lower region.

Q is the average of the

heat flow across the upper top region and the heat flow across the
lower bottom region.

(The differences in the two values never

exceeded 0.5 percent in any of the results.)

The constriction resis-

tance, R, is then computed by subtracting the internal resistance of
the rods from the total resistance, or:

9
For convenience non-dimensional terms are created by dividing the
member length, L1 , and the contact radius, a, by the radius of the
cylinder.

This yields t 1 /b and x=a/b, respectively.

A non-dimen-

sional contact resistance. R*, is created as follows:
R* =
The term

k~Rb

~L

=

~L/b

may be interpreted as the additional length of rod

required to produce the constriction.

10
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An extrapolation procedure was used to correct for spatial
truncation errors.

For any node size used in a solution, an error

exists in the value of the contact resistance.

This error is

associated with the mesh size, 6, or node spacing of the network.
It was found that his error is a linear function of

c.

Graphical

analysis of R* verses node spacing revealed the linearity.

Since

values of R* for a particular solution were calculated for a series
of mesh sizes, the value of the constriction resistance, R* , was
obtained by extrapolating to 6=0.
employed.

Figure 3 illustrates the concept

A tabulation of data for the non-dimensional constriction

resistance, R* , is given in Appendix B.
A benefit of the extrapolation procedure is a method of bounding the error in the results.

Upper and lower bound values of R*

were computed using the heat flow at the top of the upper region,

Q--Q z=L +L , and the heat flow at the bottom of the lower region,
1 2
Q=Q 0 , respectively. These values of heat flow were used on the
z=
assumption that the actual heat flow lies between the value of heat
flow in and heat flow out of the regions.

As shown in Figure 3,

the bounded values were projected onto o=O.

Bounded percent devia-

tions, as tabulated in Appendix B, were calculated for each constriction resistance.
The correctness of this extrapolation method,

~swell

as the

validity of the programming, was confirmed with the correlation of
data sets L/b=O and L1 /b=l with that of Clausing [6].
the model reduces to that of Clausing's.

Hhen 1 1 /b=O,

When 1 1 /b=l, the results

19
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Figure 3.

Typical Extrapolation Analysis
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for R* are twice the value for L1 /b=O.
Figure 4 describes the influence that the member length, L1 /b,
has upon the non-dimensional constriction resistance, R*, for a
family of constriction radii, x.

As expected, the respective constric-

tion resistances increased as the contact radii decrease.

Of sign!-

ficance are the large changes in the constriction resistance for
small L1 /b values.

The changes become more dramatic as the constric-

tion radius decreases.

As an aid in analysis, a one dimensional

model (see Appendix C) was developed for prediction of the constriction resistance, R* , at small L1 /b values.

The resulting equation

developed from the model is:
11

As can be seen, the predicted curves approach the curves generated
from equation (11) as L1 /b approaches zero.

The implication of these

curves suggests that as the member length, L1 /b, approaches zero,
one-dimensional heat transfer in the axial direction becomes the
dominant path.
Figure 5 shows the influence that the constriction radius, x,
has upon the non-dimensional contact resistance, R*•

As can be seen,

the contact resistance rapidly increases as the contact radius
decreases.

The graph also reveals that the member length, L1 /b, must

be small before a significant shift in the curves occur.
At present, it is experimentally difficult to accurately
measure the circular radius of a contact area produced when such an

21
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interface is loaded.

However, the assumed spherical surface pro-

files allow the application of the Hertz [13] contact stress
formulation to relate loading of the cylinders to the constrictio n
radius, x.

Clausing and Chao [5] have shown that if the lengths

of the members in contact are large in comparison to the contact
radius, a, and if the modulus of elasticity and Poisson's ratio of
all members are identical, then the elastic conformity modulus,

s,

is related to the contact radius as follows:
l;

=

[x/1.285] 3

12

0< x< 0. 65

where:

s=

[pb] [Ed]

---------------------------------------------

13

The symbol p denotes the apparent contact pressure on the rods, E
is the modulus of elasticity of the material, d is the combined
flatness deviation of the contact surfaces and b is the radius of the
rod.

A Poisson's ratio of 0.315 was employed to obtain equation (12).
Figure 6 relates the influence of the elastic conformity

modulus to R*•

The graph should provide an aid to an experimenta l

investigati on of the model by R. Shockley, under the supervision of
Dr. R. 0. HcNary at the University of Missouri-R olla, Rolla, !1issouri.
It was found that Clausing's numerical results, \vhen recon-

structed, agreed closely with the data herein (see Appendix D).
Since Clausing's model always requires the existence of an isothermal
temperature at the contact interface, an examination of the inter-

24

11
L1 /b=l

10
9

8
L1 /b=.083
7

6

-IC

5
~

4
3
2

1
0
.0001

.001

. 01

.1

!;;

Figure 6.

Influence of Elastic Conformity Modulus

on Dimensionless Constriction Resistance

1

25

face temperatures was conducted for the center member length model.
Figure 7 represents the results which were obtained.

The graph plots

dimensionless interface temperature deviation as a function of member
length, L1 /b.

Dimensionless interface temperature deviation was

defined as:

¢ • [6Tmax at 1n
. t er f ace )/[Ti-TO][lOO%]
The deviation is zero at L1 /b=O, as expected.

14
A maximum deviation,

whose value is uncertain, occurs between 0.1< L1 /b< 0.2.
the deviation is again zero.

At L1 /b=l

The relative deviations indicate that

for 0< L1 /b< 1 the interface temperature distribution is non-isothermal.
However, the deviations are less than five percent.

Such small devia-

tions suggest that the non-isothermal temperature differences across
an interface are too small to appreciably alter the results from that
of the solution associated with an isothermal interface boundary
condition.
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CONCLUSIONS
The investigation conducted produced a model, composed of a
center member axially loaded between two outer rods, which predicts
the influence of the center specimen length, contact radius, and
elastic conformity modulus on thermal contact resistance in a vacuum
environment.

The model was constructed assuming macroscopic constric-

tion as the path of heat transfer across the contacts.

Such an

assumption makes the thermal contact analysis of the model a function
of the mechanical and thermal boundary conditions of the total body.
The constrictions areas were assumed to be circular when the rods
were loaded.
Four major findings can be concluded from the results.

They

are:
1.

The contact resistance drastically decreases as the center

specimen length decreases.

This is particularly true if the ratio of

the length of the center member to the radius of the cylinder, L1 /b,
is less than 0.1.
2.

The value of contact resistance, R*, at L1 /b=l is twice

that of L1 /b=O at any particular contact radius.
3.

The effect of member length is of greater significance

for smaller contact radii.
4.

The interface temperature distribution of a contact area

is non-isothermal.

However, the deviation of the temperature from

an isothermal condition is relatively small, never exceeding five
percent.
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Successful correlation between predicted and experimental
results have been achieved for single contact models using two
cylinders.

Such a precedence is a hopeful indication of the

success of the model herein.

An experimental investigation under-

way will test the validity of the predictions presented.
In conclusion, the investigation positively indicates that
member length has a significant influence upon thermal contact
resistance in a vacuum environment.
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APPENDIX A - Temperature Equations
The eight different node types present in the mathematical
model, which are referred to in Figure 8, are used in the method
of finite difference.

2

2

Note: S=nr /nz =1 and y=nr/2R

0

1.

2.
3.

Ti,j

= [2[1-y]Ti-l,j+S[l-y/2][T 1 ,j+l+T 1 ,j-l]]/[2+2S-2y-By]

7.

Ti,j

= [[l-y]Ti-l,j+B[l-y/2]Ti,j+l]/[l+S-y-By/2]

8.

Ti,j

= [[1-y]Ti-l,j+

[1-y/2]Ti,j-l]/[l+S-y-Sy/2]

T~+l,j and T~+l,j in temperature equation (4) refer to upper
region node temperature and lower region node temperature, respectively.
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4

8

+

I

Figure 8.

Temperature Nodes
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APPENDIX B - Tabulation of Results
11/b

X

R*

+ dev

- dev

%

%

0.875

0

0.0243

7.40

7.42

0.875

0.083

0.0434

0.35

0.35

0.875

0.167

0.0473

1. 34

1.34

0.875

0.250

0.0482

1.97

1.97

0.875

0.500

0.0482

3.16

4.40

0.875

1.000

0.0490

1. 31

1.31

0.625

0

0.2607

1.05

1.05

0.625

0.083

0.3795

0.45

0.45

0.625

0.167

0.4411

0.52

0.52

0.625

0.250

0.4775

0.90

0.91

0.625

0.500

0.5132

1. 34

1.35

0.625

1.000

0. 5271

0.42

0.42

0.375

0

1.0298

1.02

1.03

0.375

0.083

1.4607

0.64

0.64

0.375

0.167

1.6994

0.52

0.52

0.375

0.250

1. 8491

0.55

0.55

0.375

0.500

2.0147

0.89

0.89

0.375

1.000

2.0739

0.22

0.21

0.208

0

2. 7126

1.62

1.64

0.208

0.083

4.0382

o. 72

0.72

0.208

0.167

4.6514

0.50

0.50

0.208

0.250

4.9758

0.59

0.59

0.208

0.500

5.2986

1.27

1.28

0.208

1.000

5.5378

0.56

0.56

0.125

0

5.2446

0.81

0.82

0.125

0.083

8.4121

0.24

0.24

0.125

0.167

9.4678

0.48

0.49

0.125

0.250

9.9051

0.62

0.61

0.125

0.500

10.283

1. 33

1.35

0.125

1.000

10.827

0.60

0. 61

Table I.

Tabulated Results
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APPENDIX C - Development of a One-Dimensional Model

It is assumed that one-dimensional heat conduction is dominant
in the lower specimen for small values of L1 (see Figure 9).

r 2,

and

r3

are considered to be isothermal temperatures.

isothermal temperature at the interface.
are derived from the model.

Q = [T3-Tl]/[Rl+R2]
R*

= [[T 3-r1 ]/Q-[L 1+t 2 ]/[krrb 2 ]][krrb]

2 2
R* = ~* =O+[t1 /b][b /a -1]
1
R*

=

*

I~

1

=O+[L1 /b][l/x 2-1]

x=a/b

r2

r1,
is an

The following equations

37

~b

Q

-+

T1 , T2 , and T3 are isothermal temperatures.

Figure 9.

One-Dimensional Model
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APPENDIX D -Method for Reconstruction of Clausing's Data
The following equation, which uses Clausing's [6] data,
generates values within one percent of the center member length
model.
R*L /b=u = R' L/b=oo
1

= R'L/b=u

R' is the dimensionless contact resistance obtained from Clausing's
two cylinder rod model.

u corresponds to a value 0< u< 1.

The

Lagrangian method of extrapolation was employed to generate R'L/b=u
from Clausing's table.

The physical model, as constructed from

Clausing's data, does not exist.
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APPENDIX E - Dimensionless Interface Temperature Deviation
The following is a typical data set of interface temperature
deviations.

T
and T i are the maximum and minimum tempera=
max
mn

tures at the contact surface.
ratio, x=0.625.

L1 /b is member length and

face temperature deviation.

Table II.

The data is for the constriction

¢

is dimensionless inter-

[Ti-T 0 ] in equation (14) is 2.

L/b

T
max

T
min

¢ (%)

0

1.000

1.000

0

0.083

0.800

0.730

3.5

0.167

0.631

0.566

3.25

0.250

0.499

0.488

0.55

0.500

0.254

0.2.52

0.1

1.000

.16xl0

-4

.14xl0

-lf

0

Dimensionless Interface Temperature Deviation

